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Abstract 

In this paper, the electronic band structures and its transport properties in the gapped graphene 
superlattices, with one-dimensional (ID) periodic potentials of square barriers, are systematically 
investigated. It is found that a zero averaged wave-number (zero-fc ) gap is formed inside the gapped 
graphene-based superlattices, and the condition for obtaining such a zero-fc gap is analytically 
presented. The properties of this zero-A; gap including its transmission, conductance and Fano 
factor are studied in detail. Finally it is revealed that the properties of the electronic transmission, 
conductance and Fano factor near the zero-k gap are very insensitive to the structural disorder for 
the finite graphene-based periodic-barrier systems. 

PACS numbers: 73.61.Wp, 73.20.At, 73.21.-b 
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I. INTRODUCTION 



Graphene, a single layer of carbon atoms densely packed in a honeycomb lattice, has 
attracted a lot of research interest due to its remarkable electronic properties and its po- 
tential applications [l-6]. Inside the pristine graphene, the low-energy charge carriers can 
be formally described by a massless Dirac equation, and near Dirac point one has discov- 
ered many intriguing properties^uch as the unusual energy dispersion, the chiral behavior 

5, ML ballistic charge transport [< 

3. Till. [l2|. bipolar super current 



91, Klein tunneling [10j, and unusual quantum Hall effect 
131 ] . frequency-dependent conductivity [l^], gate-tunable 



optical transitions 15], and so on. 

However, for applications of graphene to nanoelectronics, it is crucial to generate a band 
gap in Dirac spectrum in order to control the electronic conductivity, such as a channel 
material for field-effect transistor. For realizing this purpose, several approaches are studied 
both theoretically and experimentally. One of them is using the quantum confinement effect 



in graphene nanoribbons 16Ml8| and graphene quantum dots 19]. It has been shown that 



the size of the gap increases as the nanoribbon width decreases and it also strongly depends 
on the detailed structure of the ribbon edges. An alternative method is spin-orbit coupling, 
which also leads to generate a small gap due to both intrinsic spin-orbit interaction or the 



Rashba interaction 



20 



- 4221 ] . Another approach is substrated-induced band gaps for graphene 



supported on boron nitride [23j or SiC 



24 



25[ by making the two carbon sublattices (A 



and B sublattices) inequivalent; and with this approach, a gap of 260meV is experimentally 



demonstrated 



241 ]. Therefore the quasiparticles in the graphene grown on a SiC or boron 



nitride substrate behave differently from those in the graphene grown on SiCV The effect 
of sublattice symmetry breaking on the induced gap is also systematically investigated 26]. 
There are also theoretical works to engineer the tunable bandgap by periodic modulations 
of the graphene lattice via the hydrogenation of graphene [27]. and a recent experiment 
demonstrates that patterned hydrogen adsorption on graphene induces a bandgap of at 



least 450meV around the Fermi level 



28]. 



Since superlattices are very successful in controlling the electronic structures of many 
conventional semiconducting materials (e.g. see Ref. 29j), the devices of graphene-based 
superlattices has attracted much attention. It can be the per iodic potential structures 
generated by different methods, such as electrostatic potentials 30H35| and magnetic barriers 



2 



36[. In gapless graphene-based superlattices, researchers have found that a one-dimensional 



(ID) periodic-potential superlattice possesses some distinct electronic properties, such as 
the strong anisotropy for the low-energy charge carriers' group velocities 31], the formation 



33 



371 ]. and the unusual properties 



of the extra Dirac points and new zero energy states 

of Landau levels and the quantum Hall effect for these extra Dirac fomiions |3sj. I-join the 
previous studies 



32 



39 



42J , one has known that for the gapless graphene superlattices there 



is no gap opening at the normal incidence due to the Klein tunneling. Most recently, the 
new electronic properties in gapped graphene-based devices are discovered since the Klein 



43j-|47|. 



tunneling is suppressed due to the presence of a gap 

All the above investigations stimulate us to study how the electronic properties and 
bandgap structures of the grapped graphene superlattices are affected due to a gap opening 
at the Dirac point, and what properties are derived for the gapped graphene superlattices 
that are different from the gapless graphene superlattices. In our previous work [40], we 
have found that a new Dirac point is formed at the energy which corresponds to the zero 
averaged wave-number inside the gapless graphene-based superlattices. In this paper, we 
will continue to investigate the electronic band structures and their transport properties for 
the gapped graphene superlattices with ID periodic potentials of square barriers. We find 
that a zero averaged wave-number (zero-fc) gap is formed inside the gapped graphene-based 
superlattices, which is very similar to the zero-averaged refractive-index gap in ID photonic 
crystals consisted of left-handed and right-handed materials 48j. The properties of this 
zero-/c gap are detailed studied, and the related electronic transmission, conductance and 
Fano factor near the zero-fc gap in the finite graphene superlattices are further illustrated. 

The outline of this paper is the following. In Sec. II, we introduce a transfer matrix 
method to calculate the reflection and transmission for the gapped graphene superlattices. 
In Sec. Ill, we first discuss the electronic band structures for the infinite gapped graphene- 
based periodic-barrier superlattices, and then we investigate the changes of the transmission, 
conductance and Fano factor for the finite superlattices and the effects of the structural 
disorders on the electronic properties are also discussed in detail. Finally, in Sec. IV, we 
summarize our results. 
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II. TRANSFER MATRIX METHOD FOR THE GAPPED MONO-LAYER 
GRAPHENE SUPERLATTICES 



We consider a mono-layer graphene with a peculiar gap due to the sublattice symmetry 
breaking or the intrinsic spin-orbit interaction. In this situation, the Hamiltonian of an 
electron in the presence of the electrostatic potential V(x), which only depends on the 



coordinate x, is given by 46l. 149 ] 



H = v f ct -p + V(x)i + Aa z , (1) 

where p = (p x ,Py) = (— — ^J^) * s the momentum operator with two components, 
(j = (a x , cry), and a x , a y and a z are Pauli matrices, / is a 2 x 2 unit matrix, and Vp ~ 10 6 m/s 
is the Fermi velocity. Here A = mvp is the energy gap due to the sublattice symm etry 
breaking 24j], or A = A,so is the energy gap due to the intrinsic spin-orbit interaction 20]. 
From the experimental data, we know that the maximum energy gap could be ~260meV 



due to the sublattice symmetry breaking 



24]. 



The above Hamiltonian acts on the state of a two-component pseudo-spinor, \I> = 
(ip A , ip B ) T , where ip A and ip B are the smooth enveloping functions for two triangular sublat- 
tices in the mono- layer graphene, and the symbol "T" denotes the transpose operator. In 
the y direction, because of the translation invariance, the wave functions f AB (i,!/) can be 
factorized by ip A B (x, y) = ip AB (x)e lkyy . Therefore, from Eq. ([!]), we obtain 



dip a 



-k y i) A = ir] + i/j B , (2) 



dx 

+ k y ip B = ir}_i/) A , (3) 



dx 

where r]± — [E — V(x) ± A]/(hvp) are the transit (or coupled) parameters from ip B (i/j a ) 
to ip A {ip B ), E is the incident electron energy, and ko = E/Hvf corresponds to the incident 
electronic wavenumber. When A — )• 0, the above two equations reduce to the cases in Refs. 



39 



4l|. 



For the gapped graphene superlattices, we assume that the potential V(x) is comprised 
of periodic potentials of square barriers as shown in Fig. 1. Inside the j th barrier, Vj(x) is 
a constant, therefore, from Eqs. ([2]) and ([3]), we have 



d 2 ip 



(1 J + ^ - k >A = 0, (4) 
%- + (*J - k^ B = 0, (5) 



where kj =sign(r/ - + )[(£' — Vj) 2 — A 2 ] 1 / 2 / (hvp) is the wavevector inside the barrier Vj for 
the case of \E — Vj\ > A, otherwise kj = i[A 2 — (E — Vj) 2 \ 1 ^ 2 / {tvup)\ meanwhile we always 
have the relation 97 - + • 77 •_ = A; 2 . Here the subscript " j" denotes the quantities inside the 
j th barrier, and j — 0, 1, 2, 3, - • • , 2iV, e, where j = denotes the incident region, j = e 
denotes the exit region, and N is the periodic number. Note that fc,- is negative in the case 

fl 

of rjj + < 0, which leads to the electron's "Veselago Lens" [50(. 



Following the calculation method in Ref. |40|, we can readily obtain the relation between 
(f^- 1 !) and M^-'tTl) in the following form: 



where the transfer matrix is given by 

cos(qj Ax— 8j) -sin(qjAx) 

MJAx, E, k y ) = I co f^ A " V^ c A os ^ . I, (7) 



COS I 



J 



which denotes the characteristic matrix for the two-component wave function propagating 
from the position Xj^i to another position Xj~\ + Ax inside the j th barrier. Here pj = 



r]j_/kj, qj =sign(?7 J - + ) w k 2 — k 2 is the x component of the wavevector inside the j th barrier 



for k 2 > k 2 , otherwise qj = i^Jk 2 — k 2 , and 9j =&rcsm(k y / kj) is the angle between two 
components qj and k y inside the j th barrier. When A = 0, we have 77 - + = 77 ■_ = kj, so 
that /jj = 1 for the gapless mono-layer graphene (A = 0), which leads the transfer matrix 
(J7J) to be the same as that in Ref. [40|]. Here we would like to point out that, in the case of 
77 - + = 0, the transfer matrix ([7]) should be replaced by 

(exp(A;„Ax) \ 

, (8) 
ipj sinh(A; y Ax) exp(— k y Ax) I 

and in this case, pj = r]j_/k y . When 77 •_ = 0, the transfer matrix (jTj) should be 

M 3 (A,, E, k.) = ( " MkAx) SinhfeAx) ) , (9) 
\ exp(— k y Ax) I 

where p j = rjj + /k y . 

With the knowledge of the transfer matrices (0 El and [9]), we can easily connect the input 
and output wave functions by the following equation: 
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(10) 



with the matrix 

2N 



A(E,ky), (12) 



X= XU XU =Y[M j (w j ,E,k v ), (11) 
y X21 x 22 J j=i 

which is the total transfer matrix of the electron's transport from the incident end (x = 0) 
to the exit end (x = x e ) in the x direction, where Wj is the width of the j th potential 
barrier. 

For obtaining the transmission and reflection coefficients, we should build up the bound- 
ary condition. As shown in Fig. 1, we assume that a free electron of energy E is incident 
from the region x < at any incident angle 9q. In this region, the electronic wave function 
is a superposition of the incident and reflective wave packets, so at the incident end (x = 0) 
we have 

M Q ) J \Po(e id ° -re~ ie °] 
where r is the reflection coefficient, po is the quantity in the incident region, and ipi(E, k y ) 
is the incident wavepacket of the electron at x — 0. 
At the exit end (x = x e ), we have 

i>i(E,ky), (13) 

with the assumption of ip A (x e ) = tip^E^ky), where t is the transmission coefficient of the 
electronic wave function through the whole structure, p e is the quantity in the exit region, 
and 9 e is the exit angle at the exit end. By substituting Eqs. ( |T2l [TBI into Eq. ( flOl) . we 
have the following equations 

t = (1 + r)x u + p (e ie ° - re~ ie °)x 12 , (14) 
tp e e l9 * = (1 + r)x 2 i + Po(e Wo - re- w °)x 22 . (15) 

After solving the above two equations, we find the reflection and transmission coefficients 

t „ . s (x 22 Poe ie ° - x u p e e i(>e ) - x 12 p Pee i(ee+eo) + x 2 i . . 

riE.ky) = - a 7T- tt- q — , (16) 

{x 22 p Q e- iea + xupee 10 -) - x 12 p p e e l ( e -- e o) - x 21 
^ (x 22 poe- Wo + x u p e e ide ) - x 12 p p e e i( - d -- e o) - x 21 ' ^ 
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/ ip A (x e ) 1 


\-[ 




\ 1>bM j 




1 tp e e 1 ^ j 



where we have used the property of det[X] = 1. 

Since the reflection and transmission coefficients are obtained, the total conductance can 
also be calculated. Using the Biittiker formula. [5 1| the total conductance of the system at 
zero temperature is given by 

G = G T(E,k y ) cos 6 d6 , (18) 
Jo 

where T(E,k y ) = \t(E,k y )\ 2 is the transmitivity, Go = 2e 2 mvFL y /h 2 , and L y is the width 
of the graphene strip along the y axis. Furthermore, we can also study the Fano factor (F) 



in the gapped graphene superlattices, which is given by 



52] 



f_l) 2 T{l-T) cos e Q d9 



(19) 



Combining Eqs. ( IT6l) - (jT9l . the reflection, transmission, conductance, and Fano factor for 
the gapped graphene superlattices can be obtained by the numerical calculations. In the 
following discussions, we will discuss the properties of the electronic band structure, trans- 
mission, conductance and Fano factor for the gapped graphene-based periodic potentials of 
square barriers. 



III. RESULTS AND DISCUSSIONS 



In this section, first we will discuss the electronic band structures for the infinite periodic- 
barrier systems, and then we will discuss properties of the electronic transmission, conduc- 
tance and Fano factor for the finite periodic-barrier systems with or without the structural 
disorder. 



A. Infinite periodic-barrier systems 

First, let us investigate the electronic bandgap structure for an infinite gapped graphene- 
based periodic-barrier systems, i.e., (AB) N , where the symbols A and B from now on denote 
the different barriers A and B with the electrostatic potentials Va and Vb, and the widths 
wa and %, respectively, and N is the periodic number. We assume Va > Vb- By using 
the Bloch's theorem, the electronic band structure for an infinite periodic structures, i.e., 
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(AB) with iV — > oo, is governed by the following relation: 

cosf/^A] = }-Tr[M A M B ] = - — ^ — [cos(q A w A - 6 A ) cos(q B w B - 9 B ) 

Z Z COS U A COS U B 

+ cos(q A w A + 9 A ) cos(q B w B + 9 A ) - [ — + — ) sm(q A w A ) sm(q B w B ) 

\PA PbJ 

2£ + 24 -2 sin 0,4 sin B 

= cos(g A WA) cos(q B w B ) - — ^ — sin(q A w A ) sm(q B w B ) 

2 cos 9 A cos B 

pb + 2a_ 2c os(9 a -9 b ) 

= cos[q A w A + q B w B ] - — ^ sm(q A w A ) sin(g B w; B ). (20) 

2 cos 9 A cos 9 B 

Here A = w A + w B is the length of the unit cell. Now we assume that the incident energy 
of the electron is V B + A < E < V A + A, then we always have p AiB > 0, — n/2 < 9 A < 0, 
q A < 0, < 9 B < 7r/2, and > for the propagating modes. When —q A w A = q B w B , the 
above equation (1201) becomes 

[2a + M_ 2^8(04-^)1 

cos^A] = 1 + ^ f \ J ±\ sin(g^ A )| 2 . (21) 

2 cos 0a cos 

Because 2a _|_ Ea > 2 (due to pa 7^ 7^ 1 for the gapped graphene superlattices), cos(0a — 
9 B ) ^ 1, and cos9 AjB > 0, from the above equation, we can find that there is no real 
solution for (3 X when — q A w A = q B w B 7^ ran. That is to say, there opens a new band gap in 
the gapped graphene-based periodic-barrier structures. At normal incidence {9a = 9 B = 0), 
the condition of — q A w A = qsW B 7^ ran (within the energy interval V B + A < E <V A + A) 
becomes 

— k A w A = k B w B 7^ ran, (22) 
or [(E - V A f - & 2 } 1/2 w A = [(E - V B f - A 2 f 2 w B ^ mn. (23) 



This condition, Eq. ( 1221) or ( 1231) . actually corresponds to the zero averaged wave number, i.e., 
k = (k A w A + k B w B ) I A = 0. Therefore the gap occurring at the zero averaged wave number 
is called the zero-averaged wave-number (zero-/c) gap. The distinct difference between the 
gapless and gapped graphene superlattices is that for the gapless case (A = 0) this zero-fc 
gap is close at the normal incidence sine pa = Pb — 1 ; while for the gapped case (A 7^ 0) it is 
open even at normal incidence from Eq. (12T1) because of 2a 4- > 2 (due to pa 7^ Pb 7^ !)• 
For a special case with equal barrier and well widths, i.e., the ratio wa/w b = 1, from Eq. 
(|22l or l23l) . we can know that the location of the zero-/c gap is exactly at E = (V A + V B )/2. 
However, when 

- QAWA = Qbw b = ran (24) 
8 



is satisfied, then sm(qAWA) = sin^swe) = 0, therefore cos[/? x A] = 1, which tells us that 
the zero-fc gap will begin to be close in the case of normal incidence and a pair of new 
zero-fc states emerges from k y = (i.e., the case of inclined incidence). Actually the above 
condition (|24p is the same as that in ID photonic crystals consisted of left-handed and 
right-hand materials 531 ] . 

Figures 2(a) to 2(d) show clearly the dependence of the electronic band structures on 
the lattice constant A for the gapped graphene superlattices with equal barrier and well 
widths (i.e., the ratio wa/wb = 1). Here we take the parameter A = 5meV. It is clear 
seen that the center of a band gap is exactly at energy E = 40meV, where the condition, 
QaWa = —Qb^b 7^ wwr, is satisfied, see Figs. 2(a) and 2(b). The location of this zero-fc gap is 
independent of the lattice constant [see Figs. 2(a) and 2(b)]; while other upper or lower band 
gaps are strongly dependent on the lattice constant, and they are shifted with the changing 
of the lattice constant. The width of the zero-averaged wave- number gap depends on the 
lattice constant, therefore it can be tunable by changing the lattice constant. For example, 
in Fig. 2(a), this zero-k gap has the smallest width of ~ 7.6meV, which is larger than the 
value of A but smaller than 2A; and in Fig. 2(b) it has the smallest width of ~ 2.6meV, 
which is smaller than the value of A. With the increasing of the lattice constant, the slopes 
for both the band edges of the zero-fc gap become smaller and smaller [see Fig. 2(a-c)], 
and furthermore the gap is open or close with the change of the lattice constant [see Figs. 
2(e-f)]. In the case when the condition (J241) is valid, the gap is close for the normal incidence 
(k y = 0) [see Fig. 2(c)] or it is close for the inclined incidence (±k y ^ 0) and a pair of two 
zero-fc states appear [see Fig. 2(d)]. Actually, such kind of the crossed points is termed as 
the extra Dirac points in the gapless graphene superlattices 39h41|. Compared with Fig. 
2(e) and 2(f), it is found that for the inclined cases, the zero- averaged wave-number gap 
is enlarged and the extra Dirac points are occurring at the same energy with those of the 
touching points in the normal case. 

Similarly, figure 3 shows the change of the electronic band structure for the gapped 
graphene superlattices with unequal barrier and well widths (i.e., the ratio wa/wb ^ 1)- 
From Figs. 3(a) to 3(c), it is clear that the position of zero-k gap is still independent of 
the lattice constant, and in this example it is located at E m 45.62meV, i. e., the one of 
roots for the condition (122]) or fl23|) . By the way, another root of the condition fl22|) or (123]) 
is unphysical since it is outside of the interval Vb + A < E < Va + A. Meanwhile, the 
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width of this zero-fc gap could be still adjusted by changing its lattice constant with the 
fixed ratio wa/wb- However for the other upper and lower band gaps are strongly shifted 
due to the change of the lattice constant. In Fig. 3(c), it is also occurring the touching effect 
of the upper and lower bands due to that the condition (|24|) is satisfied at k y = 0. Different 
from the above case with equal barrier and well widths (wa/wb = 1), in Fig. 3(d), when 
the lattice constant increases larger, the touch points move down for the inclined incidence 
(±k y 7^ 0) in the cases with wa/wb > 1. In the cases with wa/wb < 1, one can find that 
the touching points move up for the inclined incidence [see Fig. 3(e)]. This property of 
the touch points, depending on the ratio of widths wa/wb, is similar to that in the gapless 
graphene superlattices |39j. It should be pointed out that the touch effects in Figs. 2(c) and 
3(c) is very similar to the cases of zero- width band gap associated with the zero- averaged 



refractive index in photonic crystals containing left-handed materials 



53 



54]. 



B. Finite periodic-barrier systems 

Now let us turn to discuss the properties of the transmission, conductance and Fano 
factor in the finite periodic-barrier systems. In order to know the information of the band 
structures for the finite systems, we have to calculate the transmission as functions of the 
incident electron energy and the incident angle. Figure 4 shows the transmission properties 
of an electron passing through (AB) 20 under different values of A. Figures 5(a) and 5(b) 
show the changes of electronic conductance and Fano factor for those cases corresponding to 
different situations in Fig. 4. It is clear seen that when A = 0, the electronic transmission at 
normal incidence is always equal to unit, see Fig. 4(a). This pro pert y is a reflection of "Klein 
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39|-|4l|. From Fig. 4(a) 



tunneling" in the systems of gapless graphene superlattices 
one can also find that there is a band gap opening up at all inclined angles around the energy 
of E = 40meV. Actually this gap is already termed as the zero-k gap, which is associated 



with the new Dirac point, in our previous study on the gapless graphene superlattices [40] . 
In Fig. 5(a) and 5(b), the conductance is largest and the Fano factor is equal to 1/3 at 
the new Dirac point (E = 40meV) for the case of A = 0, which recovers the result for 
the diffusive behavior near the new Dirac point. With the increasing of A, this band gap 
gradually opens up at the normal incidence, see Figs. 4(b)-4(d). Therefore the conductance 
becomes smaller and smaller when the gap is open at the normal incidence, and the Fano 
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factor is enhanced to be larger than 1/3. From Fig. 5(a) and 5(b), one can see that when 
the gap is completely open for the larger value of A, the Fano factor is close to unit because 
there is no allowed states for the electrons in this zero-fc gap. Another remarkable property 
is that near the edges of the zero- A; gap the Fano factor is also larger than 1/3 for the larger 
value of A, which does not happen in the cases for smaller values of A. It means that for 
the gapped graphene superlattices the electron's transport has a distinct difference from the 
cases of gapless graphene superlattices. It should also be pointed out that the differences 
for the conductances of the higher band gaps in Fig. 5(a) are much small due to that the 
passing band is highly shifted to the higher energy for the inclined incident angles [see Figs 
4(a) to 4(d)], and the Fano factor for the higher band gap in Fig. 5(b) is larger than 1/3 
even for the case of A = 0. 

At last, we consider the effect of the structural disorder on the transmission of an electron 
passing through a finite gapped graphene-based periodic-barrier structure with the width 
deviation. Here we consider the periodic-barrier structure (AB) 30 , as an example, with 
A = 5meV and wa = wb = (20 + i?)nm, where R is a random number. Figure 6 shows 
the effect of the structural disorder on electronic transmitivities, conductances and Fano 
factors. It is clear seen that the zero-/c gap is insensitive to the structural disorder, while 
the other band gaps are destroyed by strong disorder, see Fig. 6(a). The robustness of the 
zero-/c gap comes from the fact that the zero-fc solution remains invariant under disorder 
that is symmetric (+ and — equally probable), see Eq. ( l20l) . These results are very similar 
to that cases in the gapless graphene superlattices [401 ] . and the unique difference is that 
at the normal incidence the zero-fc gap is close for the gapless case while it is still open for 
the gapped case. From Figs. 6(b) and 6(c), one can find that the structural disorder does 
strongly affect on the properties of the electronic conductance and Fano factor when the 
incident electron's energy E is far away from the zero- A; gap. In Figs. 5(b,c), it is clear that 
the curves of the conductances and Fano factors are much different from each other for those 
energies far away from E = 40meV. Therefore, the zero-/c gap and its related properties are 
very insensitive to the structural disorder while the other bands and gaps are highly affected 
by the structural disorder. 
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IV. CONCLUSIONS 



In summary, we have studied the electronic band structures and its transport properties 
for the gapped graphene superlattices consisted of ID periodic potentials of square barriers. 
We have found that there is a zero-k gap inside the gapped graphene-based superlattices, 
and the location of the zero-fc gap is independent of the lattice constant but depends on 
the ratio of the barrier and well widths. Furthermore we have shown that the width of the 
zero-k gap could be controllable by changing the lattice constant of the gapped superlat- 
tices, and under the certain condition the zero-k gap could be close at the case of normal 
incidence and the band-crossing phenomena (the extra new Dirac points) occurs at the case 
of inclined incidence inside the gapped graphene superlattices, which are similar to the cases 



of the gapless graphene superlattices 



39 



40] . Finally it is revealed that the properties of 



the electronic transmission, conductance and Fano factor near the zero-k gap are insen- 
sitive to the structural disorder inside the finite periodic-barrier systems. Our analytical 
and numerical results on the electronic band structures and their related properties of the 
gapped graphene-based superlattices are hopefully of benefit to more potential applications 
of graphene-based devices. 
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Figures Captions: 

Fig. I. (Color online), (a) Schematic of a gapped graphene superlattice with peri- 
odic electrodes, (b) Schematic diagram of the electronic spectrum of the gapped graphene 
superlattice, and the pink dotted line denotes the periodic potentials of squared barriers. 

Fig. 2. (Color online). Electronic band structures for the gapped graphene superlattices 
with equal barrier and well widths (wa/wb = 1): (a) A = 40nm, (b) A = 80nm, (c) 
A = 104.214nm, and (d) A = 120nm; and dependence of the band-gap structure on the 
lattice constant A with a fixed transversal wave number: (e) k y = and (f) k y = 0.015nm _1 . 
The other parameters are A = 5meV, Va = 80meV and V B = 0. 

Fig. 3. (Color online). Electronic band structures for the gapped graphene superlattices 
with unequal barrier and well widths (wa/wb = 4/3): (a) A = 35nm, (b) A = 70nm, 
(c) A = 106. 4nm, and (d) A = 119nm; and (e) electronic band structures for the case of 
wa/w b = 3/4 and A = 119nm. The other parameters are the same as in Fig. 2. 

Fig. 4. (Color online). Effects of the parameter A on the electronic transmission for the 
finite structure (AB) 20 , (a) A = 0, (b) A = lmeV, (c) A = 2meV, and (d) A = 5meV. The 
other parameters are A = 40nm, wa/wb — 1,Va — 80meV, and Vb — 0. 

Fig. 5. (Color online). The effects of the parameter A on (a) conductance and (b) Fano 
factor. The other parameters are the same as in Fig. 4. 

Fig. 6. (Color online). The effect of the structural disorder on (a) electronic transimitivity 
T = |t| 2 , (b) conductance G/Gq, and (c) Fano factor, for the gapped graphene superlattice 
with A = 5meV, Va = 80meV and Vb = 0, and wa = wb = (20 + i?)nm, where R is 
a random number. The short-dashed lines denote for the structure without disorder, the 
dashed lines for R e (—2.5, 2.5)nm, the dashed-dot lines for R e (—5, 5)nm, and the solid 
lines for R e (—7.5, 7.5)nm. 
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FIG. 1: (Color online), (a) Schematic of a gapped graphene superlattice with periodic electrodes, 
(b) Schematic diagram of the electronic spectrum of the gapped graphene superlattice, and the 
pink dotted line denotes the periodic potentials of squared barriers. 
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(a) A=40nm (b) A=80nm (c) A=i04.2i4nm 




FIG. 2: (Color online). Electronic band structures for the gapped graphene superlattices with 
equal barrier and well widths (wa/wb = 1) : ( a ) A = 40nm, (b) A = 80nm, (c) A = 104.214nm, 
and (d) A = 120nm; and dependence of the band-gap structure on the lattice constant A with a 
fixed transversal wave number: (e) k y = and (f) k y = 0.015nm . The other parameters are 
A = 5meV, V A = 80meV and V B = 0. 
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FIG. 3: (Color online). Electronic band structures for the gapped graphene superlattices with 
unequal barrier and well widths (wa/wb = 4/3): (a) A = 35nm, (b) A = 70nm, (c) A = 106. 4nm, 
and (d) A = 119nm; and (e) electronic band structures for the case of wa/wb = 3/4 and A = 
119nm. The other parameters are the same as in Fig. 2. 
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FIG. 4: (Color online). Effects of the parameter A on the electronic transmission for the finite 
structure (AB) 20 , (a) A = 0, (b) A = lmeV, (c) A = 2meV, and (d) A = 5meV. The other 
parameters are A = 40nm, wa/wb = 1, Vk = 80meV, and Vb = 0. 
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FIG. 5: (Color online). The effects of the parameter A on (a) conductance and (b) Fano factor. 
The other parameters are the same as in Fig. 4. 
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FIG. 6: (Color online). The effect of the structural disorder on (a) electronic transimitivity T = |t| 2 , 
(b) conductance G/Gq, and (c) Fano factor, for the gapped graphene superlattice with A = 5meV, 
Va = 80meV and Vb = 0, and wa = wb = (20 + i?)nm, where R is a random number. The short- 
dashed lines denote for the structure without disorder, the dashed lines for R 6 (—2.5, 2.5)nm, the 
dashed-dot lines for R € (— 5, 5)nm, and the solid lines for R £ (— 7.5, 7.5)nm. 
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